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¥VITH FLAT CCVERS LOADED TO DESTRUCTIOR

By Patriok T. Ohiarito
SUMMARY

Btrain-gage teste were made on.two box beams loaded %o
destructlon in an attempt to vsrifg.the shear-lag theory at.
stressss beyond the yield point. he teat results indicat~
ed that the corner-flange stressecs can bs predicted with n
falr degree of mccuracy. OCollapse of both bemms was pre-
eipitated by fallure of the corner anglee at strosses close
to the caolumn yleld estress of the material.

INTRODUCTION

The engineering theory of bending is sufficiently ac-
curate for defining the stresses in all the flbers .of a
priematic beam with a solld rectangular. crose .secction of
reasonable dopth-width ratio. A dlscrepancy appeare.when
tho beam is made from thin matsrial and tho cross sectlion
congiste of distinect wodbe and flanges. Tho discropancy
bocomes more pronouncod when the flange 1s both wido and
thin, aes ls common 1n Alrplane structures.

This deviation from the enginesring bending theory
may o6xist in both the tonsion and compression flanges.
Theories that have como Ho be known as "shoar-lag’ theo-
ries have boen doveloped to tako tho doviation into ac-
sount. L& shear—lag thoory appears in reference 1 with

mothods of analysis and exporimental vaorification.

Herotofars axperimental investigations havo beon con-
finod maelnly to tho ‘study of shoar lag at low strosses,
In the prosont investigation, an.opon box boam was tosted
to fallure while strain moasuromonts woro taken noar theo
root, The boam was rseduilt, and.mnothor ultimate-strength
toet- followod In thies papor thore aro presented ocompari-



sons between caloculeted and experimentnl stresses for the
two test beams. All the analyses were made in acoordance
with the methods of reforence 1,

Detalls of the analysias of the firet beam arc giveon
in the appendix.

BENDIKG TESTS OF THE BOX BEAMS

Specimens and Apparatus

An open box beam was tested to destruction, with the
cover on the compression side. The beam was rebullt and
another test to destruoction was made. The original beanm
and the rebullt beam will be referred to ae beam 1 and
beem 2, respectively. Co

The cover was designed to have a small ratio of the
area of the eorner-flange angle to the area of the longi-
tudinal stringers 1n order to yleld a larger shear-lag
effect than 1s usually found 1n actual structures. This
design provides & rather severe check on the theory.

Togt specimeng.- Because the wing strueture is the
part of an alrplene most affected by shear lag, the speci-
mens for thls investigatlion wore built similar to0o an ac-
tual wing. Dotalls of the test bnams garo shown in figures
1l and 2. Both beams were made from 245-T aluminum alloy,
excopt for transverse btulkheads, which weroc made of stoel.
These bulkheads were flanged along three sides for attaoh-
ment to the shear webs and stringers.

For the first series of tests the 'box was of constant
cross pectlion throughout, After fallure the corner flange
was relnforced for a length of 22 1anches on elther side of
the root by another angle formed from 0,064-inch sheet and
the second serles of tests was performed, When the box
was being rebullt, tho cover was moved 1l& bays longitudi-
nally, and the surplus at one end was cut off and splioced
to the other end. Thus, the previously damaged part of
the cover was moved to a polnt of comparatively low etress.
Now corner-flange angles were used.

Tho full epan, with symmetry about both the longitudl-
nal and transverse axes, wng used in order to obtain the
closest possidble approximation to a fixed root. Local var-
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lations in the material and acocldental. eccentritiflies in
constructipn and’ tewt lpmding-etlill prassnt.an ohktaole to

._ ths ideal fi:ed-root condition.

st Appﬁrﬁjnn.- Details of the apparatus are: shovn in fig-
;are 3, - In order to fmollitate the mctual loading opera-

tion; the double whippleitee was used to anchor the bsam to

-the -floor by the steel streaps.at the ‘balkheads. The ihad

was- apPllied 'Rt the center of the full span by a portablo
hydraulio Jack of 100 kipe capaasity.

"Progedure

Loading condltlons.~ Two conditions qf logding were
used: (1) one concentrdted load at the tip of each shear
wob and (2) four congcentrated loads equally spaced along
each web of the half span. This dietridbuted-load condi-
tlon was used for the tests that were carried to .fallure
becauso 1% approximates ‘actual loading and also produces
a larger shenr~lag effect for a given ‘bonding momoent at
tho root,

Mothod of obtajining datn.- Straln measurements were
taken on the four quadrants of .tho covaer of ‘the 'full span
near tho root. As ghown in figzure 4, straln gages were
mounted both on the outside of the cover and- on the ingide
log of the Z-stringers. At the root station no gakes were
usod on the insido becauss of interforonco by the dulkhead.

All straln measurements .were made with reslstance-
type electrical strein gages. There were approximately
135 straln gages used on.each beam. .

Straln was measured at a minimum of tiree- load read-
ings 1n the elastic range for each test in order to cheok

.the lineer varlation of stress with respect-to applied

load, In order to reduce thermal errors  in-the measured
strains, & reasonable emount of control was oxerclsed over
the temperature in the vicinity of tho test specimens.

4 ... The

stress-strain curves for the materials of the cover
(corner anglo, sheet, and stringers) were obtaincd by the
standard pack-compression method developed by tho National
Bureau of Standards-(reference 2), Those curves were usged
for converting strailn measurements to corresponding
strossos.,




Agonrasy of measurements,- The total applied jack load
was goourate to approximately 0,6 percent, The thickheases
of all parte made from flat sheet were obtained dy microm-
eter measurements accurate to about *0,00032 inch, The
areag 'of the tension flangs angles ware taken.from a etruo—
tural alominum handbook, Although the possidle error in .
the areas- of these angles was larger than for other parts
of the beam.cross section, the values were considered sat-—
iefactory, 8train measurements were made with an accuracy
estimated to be £4 percent, :

SYMBOLS

araea of flange, gquare inches

area of longitudinal, square inches

o o

Aot .area of 1dealiszsed stringer, sgquare inches

Ap total area of cover, square inches

3 Young's modulus, pounde per gquare inch

G - effective shear modulus, pounds per squere inch

I geometric moment of inertia, 1£chea4

) 4 shear-lag parameter

L length, inches

l- bending moment, pound—inches

8 shear forgce, pounds

X change in stringer force caused by shear deformation
of cover shaeet, pounds

Y- auxillary parametor (equation (14) of reference 1)

b width of half beam, inches

) distance between rivet lines of adjacent stringers, inches

- bg width of substityteo beam, inches

o distance from oentrold to extreme fider, inchos
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- h- ‘effective depth of bdeam, inches

" ¥hlekness -of cover sheet, inchos

ty thiockness of shear web, inches N
cffective width of ‘sheet, inches . :
y distance from conter line, inches
L distqnce from genter line to resultant 1nterna1
' forao, fnohes
Y shear strain
p gqgiha é?_g#rétion,.inches
?r norﬁalfstreéelln f}anga, pounds per sqna;o inch
¢y, nornél 8tress in longitudinal, pounds per square inch
aE'.. normal atreas based.on the assumption that plane

cross soctions remain plane (Mcf/I), pounds per
-squarn 1nch-

TISI Rnsums AFD COMPARISONS WITH cn.cuunons
Strain—Gage Teste

Tho stradne measnred on tho outaido surface of the
cover differed greoatly, at eaoh gage station, from those
measured on the inside lege of ‘the Z—atringere. Factors
that might have contributed to thesc large difforences
were: .(1) secondary bending in tho stringers and (2) in-

alequacy of tho rivots for transnttting the requlired forces

to the stringore,

| ®ho couparison between.the exporinantal and oalculated

‘valnes was siuplified by convertins all stringor ‘stresses

to equivalent stresses.at the controld of .the gover, .This
convorsion ‘'was .nade. by assuning linear variation between

.'the streases. neasured on the. outside of ‘the cdver gheet

and thosq meaanred on t.he . Anside. loga of the Z-etringera.

. ngg 1 zigg dlgtrigngog Io%d.—ThQ chordtine digtribo-
tions of stresses at severa ohs hea? thé roet are



shown in figure 6 for beam 1 with four concentrated loads.
The data and calculated ourves are shown feor two values of
load; namely, 8000 and 14,000 pounds Jack load, or 500 and
875 pounds, respectively, at each loasding strap. The lower
load produced strese distridutiom that were typical of the -
elastic range; tho higher load represented the highest load
at which gstraln measurements wers taken.

For the lower load the agroement between caloulated
values and test pointe is falr at the root. The curve
does not fit the experimental polntes exactly. The cormer-
flange strespges agree very well, however, and the sunmma~
tion of the internal forces in the cover balances the ex-
ternal force M/h,

In the chordwise plots at stations 2% and 6 inches from
the root, the low experimental values in the viclinlty of the
corner flanges indicated that the forcee might not have
entered the cover as predlcted. This opinion was supported
by the comparison betwesn the internal and external foraes.
The internal forces wero found to be 14 and 17 percent lower
than tho oxternal forocos at statlons ai and 5 inchosg, ro-
spectively. Bocause strains were not moasured at every
stringer across the entire width of the cover, the measpured
stralns were used to estimate the ptrains that werse lacking.
These eetimations may result in errors of approximately
$10 percent in total internal force. Inasmuch ase the flange
includes more area than sny single stringer, a low value
of stress at the flange hae 8 noticeable influence on the
total internal force,

The flange streeses .were obtained from straln measure-
monts taken on the cover sheot near the flange rivaets, Do-
formations in the rivete, owing to falluroe of the rivets to
£f1ll tho rivet holes completely, might have caused the
forces to remaln 1ln the corner flango rather than to be
transmittod to tho adjolning sheet and etringers.

Ag shown 1n figure 4, moasuremonts were takon on the
covor shoot next to tho flango. Tho oxporimental resultsg
for thoso gages should therefore bo compared with values
caloculated for tho outer fiber of tho cover sheet. On
tho othor hand, tho welghtod avorage of tho moeasurements
for cach Z-stringer should bo comparod with the, value ocal-~-
culated for tho sontrold of the covor. Thus, thore is ona
calculated curve for each load at the root wheoere strain .
measuromonts woere taken only on the outside of the cover
sheet, and two curves at the other stations where strains
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were measured on the Z-stringers as well as on the cover
sheet. .

Tor the higher 1oad. 98 peruent of ultimate, the—- - -
corner-flange stresses at the root were not obtained. Fig-
ure 6(a) shows that the other .valuoe follow the tremd of
the 4data for the lower load with the exception of stringer
9. The unusunlly high stress in this stringer may be tho
rosult of a locelizod bonding. (At fallure, stringer 9

‘waes disjoined from tho root bulkhemnd.) This effoct con-

tinuos At station Pi inohog; tho corrosponding value at
atation B’ inchda ‘'wns not obtninod.

railuro t0o obtain astrain readings at tho flange for
tho Jack load of 14,000 pounds mads it impracticadle to
ocomparo 1internal nn? oxtarnal forcos. The wolghtod avor-
ago of the strcedes 1n tho Z-stringere 1s shown for both
loads. Agrasnont of thls avormge with the calculated
cvrve was good al 30C0 pounds. It seems, however, that a
diflerent assumpbtion for weighting should be used at 14,000

‘pourds. Tco mivh welght was apparently given to the stress

at tkhe outside of the cover sheet at high stresses.

The two values of caloulated stress that appear near
the flanges - both fgor the stresses caloulated without
shear lag (Mc/I) and with shear lag - are for the -cen-~
troid and the outsr filber of the cover.

Begm 2 with ono concontrsted 1ggg'gt t1p .- Beanm 2

‘wds tested for checking the distridution of stresses for

the tip-load conditlon without eausing any of the mate-

rinl to yleld; the maximum Jack .load was therefore restrict-
ed. THo chordwlee distridbution of oxperimental stresses
(fig. 6) at tho root 1s in satlefactory mgreoment-with the
calculated vaulues; thoe sum of tkc internal forcoe consoe-

quently chocks with the externnl forco.

Beam a g; h gig;ribgg d ngg.- rigure 7 - shows the

-chordwiae dlstributlion of stirese at several statlions for

Jack loads of 10,000 and 17,500 pounds or 625 and 1095
poundsa per'londing-strap. As'in the case for beam 1, the
lower load on beam 2 gave typlcal resulte for the elastic
range, and the higher-load was the highest load at whioch
stralz mensurements were taken. The agreement dbetween
ealcul ated and- experimental values 1a falr at the lower
load, "The straine that were measured nsar the heel of the
outside corner rngles at.the root sorresnonded té stresses
that were approximately 10 percent- greater.than the ocalou-




lated stress for the root. The theory ylelds, however, a
enloulated stress in a fictlitlious corner flange of =zero
width, The flange actually has finite wldth and a chord-
wige varlation 1n flange streess existe. The summation of
the intornal forces 1s :-approximately 7 percent greater
than the external force at thoe root station and 5 porcent
lower at statlions 3% and 6 inoches.

For the Jack load of 17,500 pounds, 98 percent of ul-
timepte, the experimental values At the root agree very
well with the calculated curve in the vicinity of the
flanges. There are several "wild" poilnte on the cover,
which may indicate local disturbances. At statlons 23 and
6 inches the experlimental values at the centrald are appre-
clebly higher than the calculated values. As in the case
for beam 1, less welght should be given to the stress At
the outslde of the cover shset in the evaluatlion of the
stresses at the centroid. The stresses measured on the
cover sheet near the flange rivets are much lower than the
calculated values; whereas the agreement between calculat- .
ed and experimental values for the corner angles 1ls vory.
good. These comparisons support the argument that the
flange rivets between the root and statlion 74 inches did
not tranemit the forces as expected. The sum of the in-
ternal forces in the cover agrees with the external foroce
within 2 percont at the root, 3 percent at station 2%
inchos, and 8 percent at statlion 6 inches. There were no
slgns of buckling of the cover sh~ot between riveta.

The bettor agreemont of forces for boam 2 as comparod
with boam 1 is explaincd by the fact that moasuremente
woro takon on the corner-flange angle for boam 2; whoereas
tho flange was assumed to have the stress indicatod by the
gngo noxt to the flange rivots for beam 1.

Mogguromentg nt high londs.- Curvos of applied load
plottod against stress, for all indlvidual measuroments,
showed that the stresses wore not proportional to the
loands in the highoer regions: Thoy wero largor than calou-
lated for 50 porcent of the gages, equal for 35 percent,
and lowor for the remaining 15 percent. At preesent there
1s not enough information properly to explalin this behav-
ior. If e satlsfactory explmnnation is sought, it should
be romombored that tho ylold point of tho materlal has boen
oxcoodod in soveral parts of the boam. Othor factors that
may help to explain the diecrepancles are: the cover sheet
buckled, with resulting lose of effeotiveness, at a Jack
load of 10 kips; the rivets in the stringers might have
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,ors e:isted. - ;

-been  inadequate for transmitting the regquired force from

‘oovar. shget to Z—atringar- and .logal bendlng in the string-

L T
. s T
r- Al - . . A b LS

bitiﬁaie Btrongth-Teats'

'Fallures of beams.ﬂThe fallure in beam 1, which oo~
curred at a jack load 0f 14,300 pounds with the dlstributed
load oondition. is shown in figurc 8, The corner flange
falled first, followed by failure of the adjoining stringers,
In order to provent extonsive damage of tho specimen the Jack
load was roleased at an early sign of destructiom, The
stringer next to the flange was nevertheleess torn near a rivet,
The stringer along the longltudinal center line (stringer 9)
was diejoined from the dnikhead at the rvot, This bulkhead
puffered bad dletortlons at seversl places noar tho stringersj
those distortions indicated the e. 1stonce of large socondary
bending forcee, In the sacond beam the root bulkhead was
attached to the stringers by a l-by 1-by 1/8-inch stesl angle,

Boam 2 falled at a Jack 1lv»sd of 17,900 pournds with the
distributod~load condition,” Figure 9 shows the detalls
the failure, 4s in beam 1 the flange was first to fail,
followed by the faillure of sevoral adjolining stringors, Unlike
beam 1, vhich falled gralually, boam 2 falled very suddenly,
The cornasr—flangoc matorial was torn, as was tho material in
the threo adjoining stringors, In contrast to tho stringers of

‘beam 1, all tho strinbora romalned attachod to tho bulkhoadsa,

Strongth of gornor £1Angos.— Tho calculated ultimate
stross, in tho flanze at the root station, for beam 1 wns
47 ,40Q pounds per sguaro inchj whereas 50,450 pournds per
square inch was calculated for beam 3, These valuss are guilte
cloge to the column yicld stross of 50,000 pounds per square
inch (reforerce 3, fig, 5-1),

Strength of cover shestag.— If one Z—-egtringer and the
width of cover sheet that accompanies it are 1solated, the
radius of gyration p of the section 4ie found to be
0.350 inch, If the support givon to the stringers by the
bulkhoads 18 assumed to be the ogquivalent of a pin eni,
the effective column length of the stringer is 1L = 23
inches, The roesulting slonderness ratlo, Lip = 6%, 1is
used to obtain the allowable columan strength from the ap-
propriate curve for 2348-T materir.i (roference 3, fig, 6-1),
The allowable column etress 1s 23,000 pounds per square inoch,
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At fallure the maximum Mo/I stress was 24,400 pounds
per square inch for beam 1 and 29,000 pounds per sguare
inck for beam 2., Theee values may be interproted to mean
theat the etringers were firast to fall, with anverage fixilty
cooefficients of 1,08 and 1,61, rcipectively. Inspection
of the varlous parts of bota beams under load, however,
showed that fallure first occurred ln the corner flanges.
The fallacy of the arguuent that the stringers failed dy
instabllity 18 obvlious also because lncroasing the arem of
tho corner flange can hardly be expocted to increaso the
fixity coofflciont dovolopod by theo stringors.

COMCLUSIOXNS

Shear lag 18 ~n 1intograted offoct ovor tho structure
and ylolding in locmnl areas of tho covor (such as the cor-
ner flanges at the root) should havo little influence on
thoe totnl offoct. Tho shear-lag thocry should thoroforo be
valld for predicting tho bending strossos in the covor of a
box boam for high loads ans well ne for loade that produce
stressos bolow tho oclastic limit of the matoerilal.

Tho rosulte of the tosts describod 1n thls roport tond
to confirm the forogoing theorctical conclusion. The ox-
porimontal cornor-flango strossos, which gre tho highost
strossos 1in tho cover, agroo fairly woll with tho calculat-
od etrosesos at all loads. Tho ultimatc etress dovelopod
by the cornor flango, whore falluro startod,wae found to bo
qulto closo to the column ylold stroes.

Langloy Momorial Aoronautical La.oratory,
National Adviesory Committoo for Aoronautlocs,
Langloy Filold, Va, :
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APPENDIX "1l
AFALYSIS OF MULTISTRINGER BBAN 1 BY THE SUBSTITUTE
SINGLE-STRINGER METHQD AND THE RECURRENOE FORMULA

PR T

_L__alinailgg_gi_ga_ng_sgniinn-- Aa the first step inm
the analysls of beam 1 theo 1dealizod oropss soctlon 1s found.
All effectivo areas aro considerod to bo concontrated in
points that Are jJjoined by a flet® ;lous shear-carrylng cover
shoot (fig. 2). The effective width w of cover sheet for
the stringers is tarken ns one~half the stringer epacing
by; no effective width is taken for the flange. The entire
wveb 1s -assumed to Lo effective in bending; one-sixth the
aren of the web 1s therefore considered to be concentrated
at the flange. '

The area of the ldeallzed flange Ay oconsists of the
followlng parts:

(sq in.)

Corner angle . . . . . . e e s e 0.0848
Cover sheet, from rivoet 11na to froe odre

(0.25 x 0,0422) ., . . e e e .0106

Equivalent of webd (1/6 x s 30 X 0. oeoe) o« o . s .0847

AF L ] L ) L] L] . L] L] L ] . L] L] - (] L] L L] . [ ] » L] L] . 0.1801

Tho firet etringor noxt to thu flnnge is assumed to
conslat only of an offective width of shoet equal to 30%;
tho aron of thilas stringor is

20 x 0,0422 x 0,0422 = 0.0356 sq 1in.
Bach of the seven adJjoluning stringers consists of a

Z-stiffondr and two strips of sheet each one-half as wlde
as b;. The rrea of the ideanliged stringer 1e

Agy = 0.0664 + (2 .X -QL%BQ X 0,0423) = 0,1560 sq im,

_ The stringer at -the center line has one-hnlf this area,
or 0,0780 8q in. The totml aren of the longltudinal 1ls

Ay = 0.0356 + 7.5(0.1560) = 1.206 sq in. -
The analysis of this multlstringer beam 1s mAde by the

subetitute single-stringer moethod and the recurrence for-
mulsa.
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Tiret gspproximption of gubgtitute single-gtringer
ptrugture.- The basic data for this beam appasar in tadle I,
As the first approximation, all the strirdgers that are in-
cluded in A, are combined into a single longitudlnal,
which 18 located at the centrolid of the stringers.

. (7x0.166x4x2.135) + (0.078x8x2.125)
1.208

= 8.82 1in.

bg

Thus, tho controld 1s found to bo &,83 Inmchdw 'from.thd fIange,
According to definitlioan, this distnnce 1e tho substitute
width ©bg that 1s used as the first approximation in the

enlculations.

From tho assumption that the ratlo G/E = 0.385, the
shear-lag paremetor X 1sg found as follows:

x? - 8t (f; L
Bbg My Ly,

= 0,385 x 0.0422 ( b N | )
8.82 0.180 1.206

0.00184 x 6.3868

K® = 0.01177
whenoo

K

0.1081 i

Tho beem 18 divided into bays along the span, the wobd
shear being constant throunghout each bay. Statlons are
taken gt each point of avpplication of load; four equal
bays result. The spanwlse varliatlion of the corner flange
strees Op 18 known to be large near the root. The root
bay 1s therefore subdivided into two bays and another sta-
tion appoars. Unequal bays were used so that a statlon
at which straln measurements were taken would result. Thils
spacing of stations allowed comparison of the group of ex-
perimental values with the calculated curve of dlstribdbu-
tlon without lnterpolation bstween atatlons.

Crlouletions for distributod losd: jnck lopd = 8000

1l1b.- Tablo II shows the dotallod colculations of the coef~
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flclents that are used in the recurrence fbrmula: Because
G and t are constant throughout the beam, the. common
factor Gt has beenm omitted from all coefficients. as an

“"arithmeti1oal simplificdatiod.

When the coefficlents that v .re compnted in table ' II -
are used, the equatlons for the ..-foroces are written ac~
cording to equation (5) of reference 1. The dboundary con-
ditlions are X = 0 At the tip and ¥ = 0 1in the foudda-

tion bay,  or X, = O 'and Yr+1 = 0. The equations are

L

~69 + 138

_ - X,(0.1100 + 0.1100) * ;;(0.6202)'=
X,(0.02028) - £,(0.1100 + 0.1100) +'x;(oubzoé)'; ~138 + 307
X3(0.0202) - X3(0,1100 +.0.1180) + X4(0.0471) = ~207 + 2376
X,(0.0471) - X,€0.1180 + 0.1615) + X(0.1200) = -276 + 376
X,(0.1200) - X,(0.1615) = -376

These equations were solved epnd the computation of
the stresses 1ln the substltute eingle-stringer beam 18
glven in tabloe III,

Becond ~nonrozimnation of gubstituta glngle-stripger
ptructure. - Tor the first approximetion the substitute
width of beam wepe talion as the diestrnce from the flange to
the controld of tho longlitudinals. In the second spproxi-
mation bg 18 the dlstanco from the flango to the rosult~’

ant lnternal forecs in the longltudinale. Conputation of
the now valuaes of bs, howovor, 1s not necessary; lnstoeand,

a correctlion to X may be found :rom figure 15 of reference
1l and applied dlrectly. After the second approximation the

factor ./2 [1 - (y,/v)] differs by only 1 percent from
the corresponding fector in the firet approximation., The

second ap roximation is there*ore taken as final. (See
table IV.
Calculgtion of ghg;dwigg gt;gsg d;ggributigg.- After

the spanwise distribution of strésses in the substitute

"single-~stringer beam has been found, the chordwlese distri-

bution is caloculated. The computations are shown 1in tadle
V. The final values of strosses are the "corrected values,"
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The calculationes are repsated to find the chordwise
distribution at the other egtationa, If a cross section
intermedlate to the original stations 1s being considered,

the bay in question is treated as a free pansl, and the
X-forces at the cross section within' this bay are calou-
lated by the following lnterpolation formula:

X

sinh K(L-x) ginh Kx
=X + n
x ginh XL n gsinh KL
where x 18 measured from station (n~1) and I 4is the
length of thse day,

Calculation of strarans at any load.~ It will bo re—
called tnat the prececdlng calculations ware made for a
concontrated load of 500 pounds at cach bulkhead, 1In order to
find the stress dlstribution at any load, the proportional
part of the stresses calculated for 500 pounds is taken, This
8implo linoar rolationghip oxiets as long as the stresses
do not causoe buckling of the cover sheet,

After the oritical buckling r:rnss of ths cover sheet
1s exceedod, the sheet continues o bscomoe less effective,
In calculations for tho stresses 2t those cross sections
that have sufferocd such a loss of effoctive area, the re—
vised scction prozertiess must be determined,

Tho sffectlve wildth of covoer shoet 18 calculated by
Marguerre!s approximetion formula

T e
2w = by \/&cr/c

where
v offaoctive width of shosgt
by dlstance botween rivet linss of adjoining stringers

O.p compresslve dbuckling stress
g avorage stress 1n stringnre

The critical bucklling stross of the cover sheet was found
by assuming oach panel to be simply supported at the Z2-
etringers and to have an aspect ratic of infinity (refer-
ence 4, p, 605), These assumptions gave a value of

Gop = 16,000 pounds per square inch,

For beam 1 with distributed load the cov&& gshoet was
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found to be 91 percent effeciilve 1in resleting comproesesive
forces. Thoe final strosses at a Jnck load of 14,000 pounds
are shown in fig. ‘4. 'Tho cover sheet was 88 percont ef-
foctlve for boam 2.

When a beam 1e¢ enalyzed at strosses beyond the buck-
ling etroee of the cover, 1t is n-ually necessary to re-
viso only tho originel Me/I oe-culations by teking into
account tho roduction in tho offective area of the cover.
Although the coofficlonts used in the rocurronce formula
may bo changed by thesoe revised aroas, the X-forocoe at any
station deponis, for the nost part, upon the avorego condl-
tions for the ontire boenm (that 1s, upoa the average value
of K). The individual vslue of X . at the station in
quostion has little influencoe on the X-force. Theroeforo,
tho X~forcos as obtanlned from tho calculations for low
loads (ontiro arca of cover offectivo) are used.’ At any
statlion large changos in offoctive nreas result in- rathor
gemnll changos in X-foréos And still emaller changos in to-
tal stross. Thuse, tho nnod for ropesting the X-forco cal-
culations 1s procluded. Tho stressos duc to the X-foroces
rro cherngod for the- stringcrs only, because tho flango
suffors no lose in offoctivonoss. From the new values of
oy, the- caloulations for the chordwlise distributions of

stress nre made as before.
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| 4p 1n | 4y 1n Ap of | Ap of
root bay|typical Ar, root bay |typlcal t h
Beanm bay bay
(sq in.)|(sq in.)|(eq inc)| (eq in.)|(sq in.)|(in.) kin.)
1 0.180 0.180 1,2C6 1,386 1,386 0,0422(6 .30
2 . 276 .176 1.206 1.482 1,382 .043216,30
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TABLE II.- COMPUTATION OF CORPFICIENTS FOR m FORMULA
(FIRST APPROXIMATION)
1 = . .- = - = -
E- 5.56; -—- 0.828; A'r 0.870; h = 6.30 in.; X = 0.1081;
-E— = 0,385; jack load = 8000 1b
o - i BA - —_
Bay L KL tanh KL | sinh XL P q (1b) | (16/1n.) L's
1 | 22.0 |2.28| 0.98% | 5.356 | 0.1100 [0.0202 [ 500 79 6
2 22.0 | 2.38 .98% 5.356 .1100 .0202 | 1000 15 13
22.0 | 2.38 .98% 5.356 1100 .0202 { 1500 23 20
2. 14.5 1.37 «917 2.299 .1180 0471 | 2000 318 27
5 T.5 .81 670 .902 .1615 .1200 | 2000 318 276
TABLE III.- STRESSES IN SUBSTITUTE SINGLE-STRINGER BEAM
(FIRST APPROXIMATION)
-§-= 8.27 1n.? (for outside fiber); Ap = 0.180 sq 1n.;J
Ap, = 1.206 8q In.; Jack load = 8000 1b
Sta-| x ¥ of x X/Ap op X/Ar o, or/op|
tion| (in.) (1b-1n.)[(1b/sq in.) | (1b) [(1b/sq in.)}|(1b/sq in.)|(1b/sq in.)| (1b/8sq in.) F
1 |22.0 11,000 1,330 -347 | -1,93%0 -600 -288 1,618 -2.70|1.40
2 L&.o 33 000 2,595 -%56 | 1,975 2,020 -29 g,zgo 2.12| 1.0l
66,000 7,390 -118 -656 g ,334 -9 ,088 1.10 Eo
ﬁ 80.5 106,250 | 12,825 10%3 5,825 18,650 870 11,955 .6L]1.40
5 |88.0 110,000 | 13,310 2),88 | 13,820 27,130 2060 11,250 A2l 2.5
Total 6.79
Average 1.36
From figure 15 of reference 1
JL\ _
(1 - b—) = 0.452
L = L = 1,052 (for correcting K)
-\[Zkl - :_f) ~/0.90L
TABLE IV.- STRESSES IN SUBSTITUTE SINGLE-STRINGER BEAM
(SECOND APPROXIMATION)
[ 7ack 10aa = 8000 1b]
Sta- of x X/Ap op X/AL o ™
tion}(1b/sq in.)| (1b) (1b/sq 1in.)[(1b/sq in.) |(1b/sq 1in.) |(1b/sq 1in.) oL/op
1 1,330 |-327| -1,815 -4485 -271 1,601 -3.30{1.40
2 35995 |-=337 -1.870 2,125 -279 2714» 2.011.0%
E »99 -13l =745 321&5 -111 »101 1.12] .55
12,825 963 5,350 18,175 798 12,027 .66]1.35
5 13,310 (2379 1%, 200 26,510 1970 11, 340 .43 2.30
Total 6.6%
Average 1.33

From figure 15 of reference 1l

( -

L

b—) = 0.438
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TAELE V. - COMPUTATION OF CHORDWISE STRESS DISTRIBUTION AT ROOT (STATION 5)
[Jack load = 8000 1b]

Stringer| y | Yy | cosh Ty (1b/:q in.) (s.:s:n ) O(r::;' (1b/:q in,) Tf:?
(1) 1. (2) (2)

1 P | 2.30 5.0L 26,510 0.036 (955) 26,510 955

2 g— b | 2.01 3.81 20,000 156 3,120 21,000 3,280

3 g£v |13 | 290 15,250 .156 2,380 16,000 2,495

4 2v | 1M 2.2 11,575 .156 1,320 12,250 1,910

5 % b | 115 ( 1.7% 9,150 156 1,425 9,610 1,500

6 % b 86| 1.%0 7,350 .156 1,145 7,730 1,205.

7 ,1: b 58 | 1.7 6,150 .156 960 " 6,460 1,005

3 -;- b 29 | 1.04 5,470 156 855 5,750 898

g 9 0 0 + 1400 5,250 018 | 110 5,520 432
Totals 1.206 112,115 15,680

loncorrected values.
Jorrected values.

S ) 1
oAy, = 11,340 x 1,206 = 13,700 Correction faétor = 12745 = 1,050
-0 ]

E?‘E_g 12115

" 8T
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Figs. 1,2,4
(a) Actual crass section.
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distributed load.

Figure |.— Dimensions of test beams.
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Figure 2 — Idealization of cross s2ztion

of beam |.
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(a) Beam 1.
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(o) Beam 2.

Figure 4. Typical locations of electrical

strai

n gages.
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Fig

3

Figure 3.- General view of specimen and set-up.



NACA . . Figs- 5¢,6
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Figure 6.— Chordwise distribution of stresses at root station
in beam 2 with tip load.
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Figure 8.- Failure at root of

beam 1,
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Figure 9.- Failure at root of beam 2.
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